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1. I 
ABSTRACT 
The study of the effect of stand at various temperatures 
intered plate and graphite nickel oxide e1ectrodes)was con- 
tinued. Results indicate that the two types of positive electrodes 
- -  On the 9, ___ - -  - _- 
differ considerably with respect to electrochemical and chemical 
characteristics. 
The investigation into the effect of overcharge on the 
&sition of the sintered plate and nickel oxide electrode] . _  has 
- “I - - -  -----___ - - -  
been initiated. The x-ray diffraction patterns of the positive elec- 
trode of a two plate Ni-Cd cell, under conditions of dynamic over- 
charge have many lines which cannot be attributed tqdNiOOH, 
Ni (OH)* or Ni203*H20. 
The study concerned with the effect of state-of-charge on 
\composition of sintered plate nickel oxide electrodes, kt the C and 
- __- 
- 
C/10 rate, has been started. 
2. 
I. INTRODUCTION 
A. PURPOSE 
Work performed under t h i s  con t r ac t  is d i r e c t e d  (1) toward 
an i d e n t i f i c a t i o n  of t h e  n i cke l  oxide compounds formed dur ing  charge 
and d ischarge  of t h e  e l ec t rodes ;  (2) 
formed; (3) to  determine which f a c t o r s  (such as c u r r e n t  dens i ty  and 
temperature) a f f e c t  t he  charge process ;  (4) t o  r e l a t e  t he  s h e l f  l o s s  
process  t o  these  compounds, and ( 5 )  t o  determine t h e  compounds which 
disappear  dur ing  discharge of t hese  e l ec t rodes .  
to determine when they a r e  
I n  order  t o  accomplish t h i s  a t h r e e  phase program h a s  
been devised. 
Phase I i s  d i r ec t ed  toward a s tudy of s h e l f  l i f e  changes i n  
t h e  n i c k e l  e l ec t rode  a t  room temperature and c e r t a i n  low and e l eva ted  
temperatures.  
Phase I1 dea l s  with t h e  forms of n i c k e l  oxides  appearing a t  
va r ious  s t a t e s  of charge, and a l s o  with t h e  appearance of uns t ab le  
oxides  dur ing  dynamic overcharge. 
Phase I11 deals v i t h  methods t o  prepare  p o s i t i v e  s i n t e r e d  
p l a t e  e l e c t r o d e s  which a r e  s t a b l e  a t  high temperatures wi th  r e spec t  
t o  s h e l f  and. cyc le  l i f e .  
3 .  
11. OUTLINE OF PROGRAM 
A b r i e f  review of  the program, discussed i n  d e t a i l  i n  
t he  F i r s t  Quar te r ly  Report, is o u t l i n e d  below: 
A. PHASE I 
1, L i t e r a t u r e  Survey 
An enumeration and summation of r ecen t  papers  dea l ing  with 
the  determinat ion of s t r u c t u r e  and composition of n i cke l  oxide 
e l ec t rodes  appeared i n  the F i r s t  Quar te r ly  Report. 
2. Construct ion of Test  Cells 
Sin te red  and tubular  type p l a t e s  w i l l  be prepared e n t i r e l y  
from the  same batch of n icke l  n i t r a t e  so lu t ion .  These p l a t e s  
w i l l  be used i n  cons t ruc t ion  of c e l l s  wi th  excess  nega t ive  
capac i ty ,  d i s t r i b u t e d  i n  such a manner a s  t o  completely surround 
t h e  su r face  a rea  of t he  p o s i t i v e  e l ec t rodes .  
3. Treatment 
Th i r ty  cores  of each type w i l l  be cons t ruc ted  using 34% KOH 
and given f i v e  formation cycles .  From the  f i f t h  d ischarge  of 
t h e s e  formation cyc les ,  2 1  c e l l s  c l o s e s t  i n  capac i ty  w i l l  be 
chosen. 
capac i ty .  
10°C and 5OoC. 
These w i l l  then be charged a t  25OC a t  C/10 t o  200% of 
C e l l s  w i l l  be grouped and allowed t o  s tand a t  25OC, 
After  a t  least a 24 hour s tand  a t  these  tempera- 
t u r e s ,  c e l l s  w i l l  be analyzed and allowed t o  s tand  a t  t h e i r  
r e spec t ive  temperatures fo r  a per iod  of 3 months and then 
analyzed again.  
4 .  
4. Method of Analysis  
The p o s i t i v e  p l a t e s  w i l l  be analyzed by chemical means, 
x-ray d i f f r a c t i o n ,  d i f f e r e n t i a l  thermal a n a l y s i s ,  and spec t ro -  
g raph ica l ly .  
B. PHASE I1 
1. Unstable Oxides 
It i s  during overcharge t h a t  uns t ab le  n i c k e l  oxides  a r e  
formed. These uns tab le  oxides  of n i c k e l ,  having s h o r t  h a l f -  
l i v e s ,  must be analyzed during dynamic overcharge o r  imnediately 
following the  overcharge. 
be prepared and assembled wi th in  a polyethylene bag. 
For t h i s  purpose,  a 2 p l a t e  c e l l  w i l l  
This  c e l l  
w i l l  be designed so t h a t  i t  can be x-rayed wh i l e  on charge and . 
overcharge. I n  t h i s  manner, t he  appearance of s t r ange  l i n e s  
can be followed. 
2. Stab le  Oxides 
The same type of cores used i n  Phase I w i l l  again be employed. 
Th i r ty - s ix  of each type w i l l  be made. 
be run a t  the  C and C/10 r a t e s .  
Charges and d ischarges  w i l l  
Cores w i l l  be subjec ted  t o  
charges  and d ischarges ,  r e s u l t i n g  i n  cells whose p o s i t i v e s  w i l l  
then be a t  va r ious  s t a t e s  of charge. Af t e r  a 24 hour s t and ,  these 
w i l l  be analyzed. 
C, PHASE 111 
1. L i t e r a t u r e  Search 
A survey w i l l  be made t o  determine whether oxides  o r  hydroxides 
s i m i l a r  t o  those  found i n  t h e  n i c k e l  e l e c t r o d e  have been s t a b i l i z e d  
f o r  h igher  temperature to le rance .  
5 .  
2.  S t a b l e  Oxide Synthesis ,  Test and Analysis 
The n i c k e l  oxides w i l l  he prepared and t e s t e d  by imnersi’on 
0 i n  a l k a l i n e  b a t t e r y  e l e c t r o l y t e  a t  40°, 50°, and 60 cen t ig rade  
f o r  a length of time deemed necessary f o r  t he  percept ion of  
change i n  composition. 
3. Electrode Preparat ion and Cell  Fabr i ca t ion  
Methods found successful  f o r  s t a b l e  oxide s y n t h e s i s  w i l l  be 
used t o  prepare s i n t e r e d  p l a t e  p o s i t i v e  e l e c t r o d e s ,  which w i l l  
subsequently be used i n  f a b r i c a t i o n  of n i c k e l  cadmium c e l l s .  
4. S t a b i l i z e d  Oxide C e l l  T e s t i n g  
Two c e l l s  f o r  each s t a b i l i z a t i o n  method, s h a l l  be cycled a t  
0 
5OoC. 
a t  t hese  temperatures,  t h e  c e l l s  s h a l l  be cycled aga in  a t  25 C. 
Then they s h a l l  be charged f u l l y  and s to red  f o r  a s u i t a b l e  
per iod of t i m e  a t  5OoC t o  a s c e r t a i n  change i n  ra te  a t  which 
Two o the r  c e l l s  s h a l l  be cycled a t  70 C. Af t e r  t e s t i n g  
0 
capac i ty  i s  l o s t .  
6 .  
111. EXPERPfENTAL PROCEDURES & RESULTS 
A. EXPERIMENTAL PROCEDURES 
1. Phase I 
(a) Preparation of Plates 
The preparation of both sintered plates and tubular positives 
was discussed in detail in the First Quarterly Report. 
(b) Construction of Cells 
i. Sintered Plate Cells 
Tne construction of these was completely described in the 
report for the previous quarter . 
ii. Tubular Plates 
The stainless steel tubes were filled with a mix of graphite 
and powdered Ni(OH)*,  prepared as described in the First 
Quarterly Report. 
in a special jig, (Fig. 1) and then filled by tamping small 
The tube was sealed on the bottom, placed 
amounts of active material at a time. After filling, a tab 
was welded to the top. Thus, the completed tubular positive 
electrode had the dimensions 4" x 7/32" I. D. Thirty such 
positive plates were constructed and surrounded with an excess 
of antipodic capacity in the form of sintered plate cadmium 
electrodes. 
(c) Formation Cycling 
i. Sintered Plate Cells 
The treatment of these cells involved charge, discharge and 
shorting. The procedure was described in full detail in the 
previous quarterly report. 
7. 
ii. Tubular P l a t e s  
Preliminary t e s t s  showed t h a t  cu r ren t  d e n s i t i e s  co r re s -  
ponding t o  t h e  C/5 ra te ,  based on t h e o r e t i c a l  capac i ty  could 
not  be used due t o  the  high vo l t age  and i m e d i a t e  oxygen 
gassing a t  t h e  pos i t i ve .  
t hese  p l a t e s  were made, c a l l e d  f o r  an extended charge a t  a 
2 cu r ren t  dens i ty  of 50 ma/in . This corresponded t o  155 
mil l iamperes ,  which w e  found was a l s o  too g r e a t .  
Edison's p a t e n t  #678722, by which 
Empir ical ly ,  i t  w a s  found t h a t  a 50 ma charge gave sat-  
i s f a c t o r y  r e s u l t s .  It w a s  a l s o  empi r i ca l ly  e s t a b l i s h e d  t h a t  a 
discharge r a t e  of SO ma corresponded e s s e n t i a l l y  t o  t h e  C / 3  
d ischarge r a t e .  
Based on these r e s u l t s ,  t h e  formations were performed. 
Each c e l l  w a s  given 5 cyc le s ,  involving a 50 ma charge f o r  
16 hours followed by ind iv idua l  discharges through a 22  ohm 
r e s i s t o r .  This was followed by a 24 hour s h o r t .  During t h e  
f i r s t  t h r e e  cycles,  t h e  c e l l s  were discharged toO.2V before 
sho r t ing .  The lasttwo discharges were taken t o  1.OV. 
Based on t h e  r e s u l t s  of t h e  5 th  discharge,  21 c e l l s  
c l o s e s t  i n  capacity were chosen out of t h e  group of 30. 
i n  t u r n ,  were divided i n t o  t h r e e  groups of 7 c e l l s  each, accord- 
ing t o  capac i ty ;  high, medium, and low. This procedure is 
i d e n t i c a l  with tha t  previously used f o r  t he  s i n t e r e d  p l a t e  
c e l l s  . 
These, 
8 .  
(d) Preparatory Se l f  Discharge Measurements and Analysis 
i. S in te red  P l a t e  Cel ls  
me procedure followed was descr ibed i n  our previous 
r epor t .  It went above and beyond t h e  o r i g i n a l  work p l an ,  i n  
t h a t  both w e t  and dry type p o s i t i v e  p l a t e s  were analyzed. 
For d e t a i l s ,  see pages 15 and 16 of  Reference 1. 
A t  t he  end of t h i s  q u a r t e r ,  t h e  s i n t e r e d  p l a t e  c e l l s  had 
completed t h e i r  3 months s tand a t  2 5 O ,  10' and 503 cent igrade.  
From t h e  a n a l y s i s  of previous x-ray d a t a  obtained during t h e  
f i r s t  q u a r t e r ,  and a s  w a s  s t a t e d  i n  t h e  F i r s t  Quarter ly  Report, 
a l l  x-ray work done during t h i s  q u a r t e r  w a s  with t h e  p o s i t i v e  
p l a t e s  i n  the  "wet"  condition. It w a s  a l s o  found t h a t  l i t t l e  
d i f f e r e n c e  ex i s t ed  among t h e  h igh ,  low, and medium capaci ty  
groups with respect t o  x-ray c h a r a c t e r i s t i c s .  
Therefore,  only 4 p o s i t i v e  p l a t e s  were analyzed via x-ray 
d i f f r a c t i o n ;  one which had stood 3 months a t  a temperature of 
25'C, one which had the  same stand t i m e  a t  a temperature of 
10°C, and two t h a t  stood f o r  t h a t  du ra t ion  a t  5OoC. Three 
p l a t e s  from t h e  low capaci ty  group were used f o r  this, and, as 
a check, an a d d i t i o n a l  p l a t e  f o r  t h e  h ighe r  capaci ty  group was 
used a t  5OoC. 
ii. Tubular P l a t e  Cel ls  
Based on s t a t i s t i ca l  d i s t r i b u t i o n  of capaci ty  f o r  t h e  21 
c e l l s ,  it was decided t h a t  six c e l l s  would be s u f f i c i e n t  f o r  t h i s  
test .  
on s i n t e r e d  p l a t e s ,  t h e r e  was l i t t l e  d i f f e r e n c e  among x-ray char- 
a c t e r i s t i c s  of t h e  high, l o w ,  and medium group. 
s e l e c t e d  had 2 r ep resen ta t ives  of each group based on t h e  
This was supported by t h e  f a c t  t h a t  i n  previous tests run 
The s i x  c e l l s  
9. 
discharge of t he  f i f t h  cycle.  
o i l  ba th ,  kept a t  2S°C, and t h e r e  charged a t  0.015 amperes 
The 6 c e l l s  were placed i n  an 
f o r  a period of 20 hours. 
One c e l l  was allowed t o  s tand on open c i r c u i t  i n  t h e  
o i l  bath for a period of 24 hours. A t  t h i s  p o i n t ,  t h e  c e l l  
w a s  taken a p a r t ,  the s tee l  tube opened, i t s  a c t i v e  m a t e r i a l  
placed i n  a sample holder ,  and immediately x-rayed. Another 
c e l l  was removed from t h e  o i l  bath a f t e r  being charged and 
allowed t o  s tand 24 hours a t  l\O°C, A t h i r d  w a s  allowed t o  
s tand f o r  24 hours a t  50°C. 
a c t i v e  m a t e r i a l  removed and x-rayed a s  descr ibed above. 
The l a t t e r  two c e l l s  were opened, 
The t h r e e  remaining c e l l s  w i l l  be allowed t o  s tand f o r  
3 months, with one cell kept a t  each of t h e  above mentioned 
temperatures. 
2 .  Phase I1 
(a) & s t a b l e  Nickel Oxides 
A two p l a t e  c e l l  having a p o s i t i v e  e l e c t r o d e  of t h e  dimensions 
1 x 2 x 0.09 .cm., and a negat ive e l e c t r o d e  of t h e  same th i ckness  and 
twice the  area,  was contained w i t h i n  a polyethylene bag. The pos i -  
t ives and nega t ives  had t abs ,  extending through t h e  bag, enabl ing 
t h e  c e l l  t o  be charged, 
The c e l l  was charged f o r  1 hour a t  t h e  C r a t e  (50 mill iamperes) 
based on p o s i t i v e  capacity.  
t h e  x-ray apparatus.  
It was then placed i n  t h e  goniometer of * 
The charge was continued a t  50 ma while  t h e  
c e l l  was being x-rayed. A sweep between t h e  angles  2 %  = 10' and 
80' was made, and a f t e r  i t s  completion, t h e  x-ray apparatus  w a s  
10 . 
0 re turned  t o  10 a s  the  charge continued. This  was done f o r  a t o t a l  
of 6 sweeps, corresponding t o  an overcharge of 350%at  the  C r a t e .  
Af t e r  t he  6 sweeps, t he  c e l l  was placed on open c i r c u i t  and t h e  
x-raying continued f o r  3 a d d i t i o n a l  sweeps between these  angles .  
This corresponds t o  t h e  c e l l  being on open c i r c u i t  from 0 t o  105 
minutes. 
The x-ray apparatus  was then shut  o f f ,  and a f t e r  20 hours  on 
open c i r c u i t ,  t he  c e l l  was x-rayed aga in  between the  angles  of 
2 8 -  10 
0 
and 80' twice, t o  show dup l i ca t ion .  
During overcharge,  many s t r ange  l i n e s  were found between 
2 9 =  55: and 65'. A discharged c e l l  (dup l i ca t e  t o  c e l l  descr ibed 
above) was f i r s t  x-rayed on open c i r c u i t  and then x-rayed twice 
whi le  on continuous charge a t  10  ma. 
The charge was continued with t h e  cu r ren t  r a i s e d  t o  50 m a ,  
dur ing which time the  c e l l  w a s  twice x-rayed between t h e  angles  of 
2 55' and 65'. 
(b) S t a b l e  Nickel Oxides 
Th i r ty - s ix  s i n t e r e d  p l a t e  c e l l s ,  i d e n t i c a l  t o  those  u s d i n  
Phase I, were employed here.  Although not  prev ious ly  planned, it 
was deemed advisable  t h a t ,  before  any t e s t i n g  wi th  r e s p e c t  t o  t h e  
e lec t rochemica l  and chemical c h a r a c t e r i s t i c s  was begun, t hese  c e l l s  
be given formation cycles. 
involving charge, discharge through a cons tan t  load (2.4 ohms) 
The formation cons i s t ed  of 5 cyc les  
t o  l.OV, followed by a dead short. 
3. Special  Tes t s  
(a) Determination of Effect  on P o s i t i v e  P l a t e  C h a r a c t e r i s t i c s  
With Respect t o  Sealed and Vented Charge. 
A t es t  t o  show a s i m i l a r i t y  of compounds i n  the  p o s i t i v e  
of a p o s i t i v e  l i m i t i n g  c e l l  can be based on t h e  number of coulombs 
passed through anodes during charge before  a r ap id  r i se  i n  p re s su re  
i s  noted. 
A sealed e l e c t r o l y t e  s t a rved  VO-6HS c e l l  equipped with 
a p re s su re  gauge and evacuated, w a s  charged and discharged f o r  4 
cyc le s  i n  t h e  following manner; (1) charged a t  1.2 amperes u n t i l  
a r ap id  rise of p re s su re ,  with r e spec t  t o  t i m e ,  w a s  noted. The 
charge was then continued f o r  a s h o r t  time beyond t h i s  po in t .  
(2) Discharged a t  3.0 amperes t o  1.OV. (3) Dead shor t ed  over- 
n igh t .  
Af t e r  completion of t h e  4 cyc le s ,  t h e  c e l l  w a s  flooded 
with KOH, vented t o  t h e  atmosphere, and then r e sea l ed .  Five 
a d d i t i o n a l  cycles  were now given t o  t h i s  cell. 
o f ;  
(2) a discharge t o  1.OV a t  3 amps. (3) an overnight  sho r t .  (4) vent-  
ing t o  atmospheric pressure and r e sea l ing .  
(b) 
Each cyc le  consis ted 
(1) 1.2 amp charge f o r  a t i m e  s l i g h t l y  beyond a r ap id  p re s su re  r i se  
Analysis of M-2 Graphite Flake 
The graph i t e  f l a k e  used as a conducting material  i n  t h e  
tubu la r  p o s i t i v e  p l a t e s  was q u a n t i t a t i v e l y  analyzed f o r  impur i t i e s .  
This was done by means of spectrographic  a n a l y s i s  a t  Ledoux & Co. 
i n  Teaneck, N. J. 
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(c) Extended Charge o f  Freshly Prepared Tubular P l a t e  
A f r e sh ly  prepared tubular  p l a t e ,  never having received 
o r  given f o r t h  coulombic energy, was made i n t o  a c e l l  by surround- 
ing i t  with excess an t ipodic  ma te r i a l .  This c e l l  was cont inuously 
charged for 100 hoursa t  50 mil l iamperes .  On subsequent d i scharge ,  
t h e  c e l l  showed unusually high capac i ty .  It was charged aga in ,  
t h i s  time a t  120 ma f o r  a per iod  of 16 hours.  Af te r  a p a r t i a l  
d i scharge  a t  50 ma, t he  c e l l  w a s  given a continuous charge a t  va r ious  
r a t e s  and contintikd u n t i l  v igorous gass ing  was noted, off t h e  
p o s i t i v e  e lec t rode .  When vigorous gass ing  w a s  noted a t  100 ma, t h e  
charge was discont inued and a f t e r  an overnight  s tand ,  t he  a c t i v e  
m a t e r i a l  of t he  p o s i t i v e  p l a t e  w a s  x-rayed. 
~ 
DATA 
1. Phase I 
B. -
(a) S in t e red  P l a t e  Cel l s  
The l i s t i n g  of t he  va r ious  d spacings obtained from t h e  
18 x-rays of s i n t e r e d  p l a t e  p o s i t i v e s  appear i n  Table I. 
The 4 p o s i t i v e  plates  which were s tudied  a f t e r  a 3 month 
s tand  a t  t h e  prev ious ly  mentioned isothermal  condi t ions ,  came from 
c e l l  numbers 16, 11, 14  and 17. 
temperatures  of 10°C, 2 5 O C ,  5OoC, 5OoC r e spec t ive ly .  
These correspond t o  s tands  a t  
The x-ray 
d i f f r a c t i o n  p a t t e r n s  obtained from t h e  p o s i t i v e s  appear again 
r e spec t ive ly  i n  F igures  2 ,  3, 4 and 5 .  
(b) Tubular P l a t e  Cel l s  
i. Formation 
The c a p a c i t i e s  of 30 t ubu la r  p l a t e  c e l l s  expressed i n  
minutes t o  1.OV appear i n  Table 11. The discharges  through a 
13. 
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22 ohm r e s i s t o r ,  f o r  t he  1st and 5th cyc le s ,  are  given. 
le t ters  H,  M ,  L,  next t o  c e l l s  i n  t h a t  t a b l e ,  i n d i c a t e  t h a t  
t hese  were s e l e c t e d  a s  t h e  2 1  c l o s e s t  i n  capac i ty ,  and a l s o  
t o  which group they were r e l ega ted  using t h e  l e t t e r s  f o r  
The 
high,  medium and low capaci ty ,  based on t h e  discharge t o  1.OV 
during the  5th cycle. 
Figure 6 shows a t y p i c a l  discharge curve through the  
22 ohm r e s i s t o r  when discharge was allowed t o  proceed beyond 
t h e  1.OV c u t - o f f ,  as was done i n  t h e  f i r s t  3 discharges.  
ii. Preparatory Self-Discharge Measurements and Analysis.  
The s i x  c e l l s  chosen f o r  t h i s  t es t  were numbers 2,  8 ,  10, 
16, 2 4 ,  and 30. A l l  were t r e a t e d  as descr ibed i n  the  previous 
s e c t i o n  with r e spec t  t o  thennostated charge. A f t e r  24 hour 
s t a n d s  on open c i r c u i t  a t  temperatures of 2 5  C, 10°C and 5OoC, 
x-ray d i f f r a c t i o n  p a t t e r n s  were obtained from a c t i v e  material 
i n  t h e  p o s i t i v e s  of c e l l  numbers 10, 30, and 16 r e spec t ive ly .  
These appear i n  the  same sequence i n  Figures  7, 8 and 9 .  
Figure 10 i s  an x-ray d i f f r a c t i o n  of t h e  a c t i v e  m a t e r i a l  mix 
t o  which no coulombic energy had been given o r  taken. 
0 
Phase I1 
(a) Unstable Nickel Oxides 
nie experimental  set-up shown i n  Figure 11, u t i l i z i n g  t h e  
previously descr ibed two p l a t e  c e l l ,  was used f o r  t h i s  t es t .  
p o s i t i v e  p l a t e ,  n a t u r a l l y ,  w a s  placed f a c e  up i n  t h e  goniometer. 
X-ray d i f f r a c t i o n  p a t t e r n s  were taken a f t e r  t h e  c e l l  had received 
a f u l l  charge with respect  t o  t h e  p o s i t i v e .  
are t h e  p a t t e r n s  obtained during t h e  first 3 sweeps between 2 4  = 
l o o  and 80'. 
%e 
Figures  12, 13, and 14 
Th i s  corresponds t o  a n  overcharge time of 105 minutes,  
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which, a t  t h e  C ra te  of  charge, i s  175% overcharge. 
Figures  15, 16, and 1 7  are a l l  p a t t e r n s  as the  sweep between 
t h e  previously mentioned angles  and charge a t  t he  C r a t e  continues.  
A t  t h e  completion of sweep, represented by Figure 17, our c e l l  has  
been on continuous overcharge f o r  350% of i t s  r a t e d  capaci ty  a t  
t he  C r a t e .  
A t  t h i s  p o i n t ,  t h e  charging cu r ren t  was turned off, thus 
p l ac ing  t h e  c e l l  on open c i r c u i t ,  but t he  x-ray sweep continued 
t h r i c e  more, as shown i n  Figures  18, 19, and 20. A t  t h e  end of  
t h e  sweep shown i n  Figure 20, t he  c e l l  had completed an open 
c i r c u i t  s tand of  105 minutes. 
Af t e r  a 20 hour a d d i t i o n a l  s tand,  t h e  c e l l  w a s  aga in  x-rayed 
between 2 d = 10' and 80' twice,  t o  show d u p l i c a t i o n  and s t a b i l i z a -  
t i on .  See Figures  21 and 22. 
To f u r t h e r  check on t h e  r e s u l t s ,  a discharged c e l l ,  d u p l i c a t e  
t o  t h e  one used above, was f i r s t  x-rayed on open c i r c u i t ,  then 
twice while  on charge a t  10 ma between the  ang le s  of 2 8  = 55' 
and 65 . 
between the  10 degrees continued f o r  two more times. 
x-ray d i f f r a c t i o n  d a t a  appears i n  Figure 23. 
0 The charging cu r ren t  was increased t o  50 ma as t h e  sweep 
The e n t i r e  
(b) S tab le  Nickel Oxides 
The discharge  da t a  f o r  t he  5 formation cyc les  of t he  36 
s i n t e r e d  p l a t e  c e l l s  appear i n  Table 111. 
i nd iv idua l ly  through 2.4 ohm r e s i s t o r s  t o  1.0 V, 
The c e l l s  were discharged 
3. Special  Tes ts  
(a) Determination of  Ef fec t  on P o s i t i v e  P l a t e  C%arac te r i s t i c s  
With Respect t o  Sealed and Vented Charge 
The da ta  obtained during charging of VO-6 H.S. c e l l s  were 
p l o t t e d  f o r  each cyc le  i n  t h e  form of p re s su re  vs. ampere hour 
or  coulombic input .  Figure 24 i s  a p l o t  of r e s u l t s  obtained 
from the  fou r th  "sealed" charge. 
vs. coulonbic input  during flooded "vented charge" on the  cyc le  
innnediately following the fou r th  and f i n a l  "sealed" charge. 
(b) 
Figure 25  i s  a p l o t  of p re s su re  
Analysis  of M-2 Graphite Flake 
The impur i t i e s  and t h e i r  amounts, found i n  the  M-2 Graphi te  
Flake,  used as a conducting m a t e r i a l  f o r  t h e  tubu la r  p l a t e s ,  are 
shown i n  Table I V .  
(c) Extended Charge of Fresh ly  Prepared Tubular P l a t e s  
Af t e r  an input  of 5.00 ampere hours  a t  50 ma, a t o t a l  of 
0 . 4 2 7  ampere hours  were obtained before  the  c e l l  went below 
1.0 V. The discharge was c a r r i e d  ou t ,  f o r  t he  most p a r t ,  a t  50 ma. 
Af t e r  6 hours ,  t h e  c e l l  vo l t age  was above 1.10 V, so cu r ren t  w a s  
g radual ly  r a i s e d  t o  300 ma, a t  which poin t  c e l l  vo l t age  began t o  
decay. The discharge  was re turned  t o  100 ma, a t  which po in t  t h e  
c e l l  vo l t age  dropped below 1.0 V a f t e r  10 minutes a t  t h i s  r a t e .  
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Immediately t h e r e a f t e r  t he  c e l l  was charged f o r  a t o t a l  of 
1.9 ampere hours  and then discharged a t  50 ma fo r  7 hours. Ce l l  
vo l t age  remained above 1.m during t h a t  e n t i r e  time. 
Af te r  an overnight  s tand,  t he  c e l l  was charged f o r  a t o t a l  
of 0.450 AH a t  va r ious  r a t e s  ranging from 100 t o  400 m a .  !&e 
c e l l  received 15  minutes of charge a t  the  l a t t e r  r a t e  before  
vigorous gassing of t he  p o s i t i v e  p l a t e  was noted. Af te r  t h a t  
p o i n t ,  an a d d i t i o n a l  charge of 24 hours  a t  100 m a  was 
t h e  c e l l  before  vigorous gassing of t he  p o s i t i v e  was noted. 
given t o  
The x-ray d i f f r a c t i o n  p a t t e r n s  obtained from t h i s  p l a t e ,  
following overnight  s tand,  a r e  shown i n  Figure 26. 
C. DISCUSSION 
1. Phase I 
(a) S in t e red  P l a t e  Cel l s  
The "d" spacings i n  Table I i n d i c a t e  t h a t  t h e r e  e x i s t s  l i t t l e  
d i f f e r e n c e  between p o s i t i v e s  of h igh ,  l o w  and medium capac i ty ,  
wi th  r e spec t  t o  t h e i r  c r y s t a l  s t r u c t u r e s  and composition. D i f f e r -  
ences do e x i s t  between the washed and d r i ed  p l a t e s  and the  undis-  
turbed wet p l a t e s .  This was found t r u e  a t  a l l  t h r e e  temperatures ,  
though, s t r ange ly  enough, a decrease i n  t h e  number of "d" spacings 
r e s u l t s  from t h e  washing and drying of t h e s e  p l a t e s .  Also, a s  
temperature of s tand increases ,  t he  number of l i n e s  found inc reases  
correspondingly.  
For t h e  most p a r t ,  w e  can say t h a t  t h e  compounds formed a t  a l l  
temperatures ,  on the  bas i s  of t h e  l i t e r a t u r e  r e p o r t s ,  were Ni (OH)*  
andp '  NiOOH. A t  t he  time these  x-ray p a t t e r n s  were obtained,  our 
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t chniqu were not  t o  be considered h igh ly  r e f ined .  It has 
appeared t h a t  t h i s  work i s  complex so t h a t  our techniques were s i n c e  
considerably r e f ined .  
These r e f ined  techniques were used i n  t h e  r ecen t  d a t a  obtained 
under t h i s  con t r ac t  when x-raying the p l a t e s  which completed t h e i r  
t h r e e  month's charge s t a n d  a t  temperatures of loo,  25O, and 5OoC. 
Although not y e t  thoroughly analyzed, t hese  r e c e n t l y  obtained da ta  
show an inc rease  i n  peak he igh t s  of  n i c k e l  oxide compounds, when 
compared t o  those found a f t e r  24 t o  72 hour s t a n d s ,  as shown i n  
t h e  F i r s t  Quarter ly  Report. Fu r the r ,  t h e  p rev ious ly  i n t e n s e  peaks 
of s i n t e r e d  n i c k e l  have shown s i g n s  of waning. The h ighe r  t he  
s tand temperature,  t h e  g rea t e r  i s  the  inc rease  i n  n i c k e l  oxide 
peaks and t h e  g r e a t e r ,  too, i s  t h e  waning of t h e  s i n t e r e d  n i c k e l  
peaks. This i s  hypothesized t o  be due t o  a migrat ion of a c t i v e  
material ,  o r  c r y s t a l  growth of a c t i v e  material  which masks t h e  
previously i n t e n s e  n i cke l  peaks. This can be seen by comparing 
t h e  x-ray d i f f r a c t i o n  diagrams given i n  Figures  2 ,  3, 4 and 5 of  
t h i s  r e p o r t  with the  appropriate  f i g u r e s  of  t h e  F i r s t  Quarter ly  
Report . 
(b) Tubular P l a t e  Cells 
1 
The n e c e s s i t y  f o r  low ra te  charges,  with r e spec t  t o  both 
s u r f a c e  area and t h e o r e t i c a l  capaci ty ,  i n d i c a t e s  a major d i f f e r e n c e  
between tubu la r  p l a t e s  and s i n t e r e d  n i c k e l  p l a t e s .  This behavior 
poss ib ly  exp la ins  why the o r i g i n a l  Edison p rocess ,  using g raph i t e  
had been abandoned i n  favor of a process  employing f l a k e  nickel .  
The evolut ion of oxygen during charge a t  current d e n s i t i e s  recom- 
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mended by Edison f o r  i n i t i a l  t reatment  r e s u l t s  i n  a very i n e f f e c t i v e  
charge. 
" h e x  -ray da t a  obtained from tubu la r  p l a t e  a c t i v e  m a t e r i a l ,  
a f t e r  a 24 hour charged s tand  i n d i c a t e  a s t r u c t u r e  of e s s e n t i a l l y  
a mixture of Ni(OH)2 andflNiOOH. This  i s  t r u e  a t  a l l  t h r e e  t e m -  
pe ra tu re s .  There e x i s t s ,  however, & cons iderable  d i f f e r e n c e  
between the  "cycled" charged a c t i v e  m a t e r i a l  and t h a t  unexposed 
t o  coulombic energy (compare F igures  7 ,  8, and 9 w i t h  10). Due 
t o  i n e f f i c i e n c y  of charge and the  discharge c a p a c i t i e s  found from 
these  pocket p l a t e s ,  i t  is  reasonable  t o  assme t h a t  t h e  a c t i v e  
m a t e r i a l  i s  predominately N i ( O H ) 2 .  The not-previously-charged 
m a t e r i a l ,  shown i n  Figure 10, is pure N i ( O H ) Z  . 
found between these  two s t r u c t u r e s  may be due t o  va r ious  phases 
The d i f f e r e n c e s  
of Ni(OH)2 a s  suggested r e c e n t l y  by TUmi. 
2 .  Phase 11 
(a) Unstable Nickel Oxides 
Although j u s t  r ecen t ly  performed, a cursory examination of 
t he  x-ray da ta  taken on overcharged s i n t e r e d  p l a t e s  shows t h e  
ex i s t ence  of s t r ange  l i n e s  which a r i s e  during overcharge,  remain 
a s  long a s  overcharge is continued, and wane during open c i r c u i t .  
The f a c t  t h a t  no such peaks were found between angles  of 
2U= 55' t o  65' when the c e l l  was being charged, proves t h a t  
t hese  peaks do no t  a r i s e  because of t h e  passage of coulombic 
energy. 
t h i s  s h a l l  be delayed u n t i l  t h e  experiments a r e  c m p l e t e d ,  dur ing  
Though t h e r e  is even more t o  be i n f e r r e d  from the  d a t a ,  
t h e  next qua r t e r ,  and i n t e r p r e t e d .  
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(b) Stable Nickel Oxides 
The data in Table 111 need no discussion. These are the 
capacities of the cells prepared for Phase 11. 
3 .  Special Tests 
(a) Sealed versus Vented Cell Charges 
Sealed cells generally are semidry, while vented cells contain 
mobile electrolyte. The question of study of open cells was raised, 
and this experiment was devised to provide insight into the answer. 
Tlie coulombic efficiency of a semidry cell was compared to a 
vented-flooded cell. Reasoning that similar coulombic inputs 
would result in the formation of the same compounds or species, 
a decision could be made based upon the experimental results. 
The experimental results are shown in Figures 24 and 25 .  Be- 
cause the rise in pressure occurs at nearly the same time for the 
same cell in the two different conditions, i t  is concluded that the 
coulombic efficiencies are also nearly the same. From this, then, 
is the justification of carrying out the experiments in the semidry 
but unsealed manner. 
(b) Analysis of M-2 Graphite Flake 
The results of the analysis of the graphite flake are self- 
explanatory. Several elements (Al, Fe ,  Si) are present in rela- 
tively large quantitks. No action is contemplated because of the 
behavior of the tubular plates, which is discussed in the next 
sec t ion. 
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(c) Extended Charge of Freshly Prepared Tubular P l a t e  
The r e s u l t s  of t he  t e s t  using extended overcharge of "not 
prev ious ly  used" tubu la r  p l a t e s  a t  low r a t e s ,  i n d i c a t e  t h a t  t h i s  
kind of formation may be necessary before  these  p l a t e s  can be sub- 
j e c t e d  t o  higher  cu r ren t  d e n s i t i e s ,  t he  h ighe r  cu r ren t  d e n s i t i e s  
being comparable t o  those used i n  the  s i n t e r e d  p l a t e .  The x-ray 
d i f f r a c t i o n  p a t t e r n s  of these tubular  plates  ind ica t ed  peaks which 
a r e  c h a r a c t e r i s t i c  of b(NiOO€I, o r ,  us ing  Tuomi's terminology, 
a n i c k e l a t e .  These f ind ings  on the  tubular  p l a t e s  r a i s e s  a ques t ion  
on t h e  value of continuing work with them. B e c a u s e 6 n i c k e l a t e  i s  
found only i n  t h e  high r a t e  formation charge t o  t h e  ex ten t  of lo%, 
a n a l y s i s  accuracy i s  necessa r i ly  decreased by an order  of magnitude. 
Tubular p l a t e s  formed by ex tens ive  overcharge a t  low cur ren t  dens i ty  
a r e  of no value i n  t h i s  program, because compounds not  s i m i l a r  t o  
those  on t h e  s i n t e r e d  p l a t e  a r e  found. 
D . CONCLUSIONS 
1. During overcharge of s in t e red  p l a t e  n i c k e l  oxide e l e c t r o d e s ,  com- 
pounds wi th  r e l a t i v e l y  s h o r t  h a l f  l i v e s  a r e  formed. 
a d d i t i o n  to/ NiOOH and N i ( O H ) 2  . 
The a r e  p re sen t  i n  
2. S t a b l e  compounds o the r  than/BNiOOH and N i ( O H ) 2  a r e ,  under c e r t a i n  
cond i t ions  of overcharge,  found i n  g raph i t e  t ubu la r  type e l ec t rodes .  
3. During extended s tand ,  e spec ia l ly  a t  high temperatures ,  t h e r e  is 
an i n d i c a t i o n  of a c r y s t a l  growth, and a l s o  a masking of s i n t e r e d  n i c k e l  
su r f ace .  This is t e n t a t i v e l y  ascr ibed t o  a migra t ion  of a c t i v e  material 
from t h e  pores  toward the  sur face  of t h e  e l ec t rode .  a 
4. The e lec t rochemica l  and chemical p r o p e r t i e s  of t h e  tubu la r  p o s i t i v e  
e l e c t r o d e s  a r e  dependent on t h e i r  h i s t o r i e s  or  prev ious  usage. 
2 1  . 
N, WORK FOR THE NEXT QUARTER 
A, COMPLETION OF OVERCHARGE EXPERDENT 
The appearance and disappearance of uns t ab le  n i cke l  ox ides ,  
wi th  r e spec t  t o  t h e i r  ind iv idua l  peaks, w i l l  be s tud ied .  
which t h i s  occurs  w i l l  a l s o  be i nves t iga t ed .  
The r a t e  a t  
Bo ANALYSIS OF POSITIVE PLATES 
1. X-ray 
X-rays obtained from s i n t e r e d  p l a t e  p o s i t i v e s  during dynamic over- 
charge w i l l  be analyzed. 
2. Chemical a n a l y s i s  
A group of s i n t e r e d  p l a t e s  w i l l  be prepared and analyzed chemically. 
An at tempt  w i l l  be made t o  sepa ra t e  t h e  elemental  N i  magnet ical ly .  A 
compositional a n a l y s i s  w i l l  be used t o  determine formula weight ,  and 
t h e  equiva len t  ox ida t ion  s t a t e .  
3. D. T. A. 
The study of both pocket and s i n t e r e d  p l a t e s  w i l l  be performed 
during t h e  next  qua r t e r  under i n e r t ,  ox id iz ing  and reducing atmospheres. 
C, PHASE I1 - STABLE OXIDES - EFFECT OF STATE OF CHARGE 
It is expected t h a t  we w i l l  complete t h i s  work, with r e spec t  t o  
t h e  s i n t e r e d  p l a t e  e l ec t rodes ,  during t h e  next  qua r t e r .  
Do "GRAPHITIC" LEVEL 
me f a c t  t h a t  both s in t e red  and tubu la r  p l a t e  p o s i t i v e  e l ec t rodes  
e x h i b i t e d  a "graphi te  level?' p l a t eau  a t  around 0.7V is of i n t e r e s t .  We 
p l a n  t o  d ischarge  both types of e l e c t r o d e s  t o  t h a t  p o i n t ,  and then analyze 
their  s t r u c t u r e  by t h e  va r ious  means a v a i l a b l e  t o  US. 
V, REFERENCES 
1. Investigation of Battery Active Nickel Oxides - 
First Quarterly Report - P. Ritterman and H. Seiger 
2. T. A. Edison - Reversible Galvanic Battery 
Patent 8678,722 . 
3.  D. Tomi - The Forming Process in Ni Positive Electrodes, 
Journal of the Electrochemical Society 
January 1965. 
d 
Y 
z J 
TABLE I1 
CELL # 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
CAPACITIES OF TUBULAR CELLS 
DISCHARGED THROUGH 22 OHM RESISTOR 
CYCLE 111 
Minutes to 1.0 V 
146 
145 
157 
168 
162 
96 
190 
177 
169 
175 
18 4 
172 
18 2 
160 
170 
19 1 
12 7 
100 
133 
116 
CYCLE #5 
Minutes to 1.0 V 
168 M 
193 H 
191 H 
192 H 
200 
105 
205 
175 
18 7 
173 
2 56 
193 
19 5 
172 
166 
19 0 
12 7 
103 
115 
130 
M 
M 
M 
H 
H 
M 
M 
H 
21 132 162 1 
25. 
CELL f 
22 
23 
24 
25 
26 
27 
28 
29 
30 
TABLE I1 -- CONTINUED 
CYCLE #1 
Minutes t o  1.0 V 
137 
159 
150 
125 
106 
131 
167 
122 
144 
CYCLE #5 
Minutes t o  1.0 V 
154 L 
169 M 
160 L 
145 L 
75 
133 L 
190 H 
130 L 
162 L 
26. 
TABLE I11 
PHASE I1 - CAPACITIES OF SINTERED PLATE 
CELLS WHEN DISCHARGED THROUGH 2.4 OHM 
RESISTOR 
CYCLE #1  CYCLE #2 CYCLE #3 CYCLE f 4  CYCLE #5 
Minutes t o  1.0 V 
188 184 169 164 172 
CELL 
NUMBER 
1 
2 19 1 193 18 2 174 180 
3 163 157 151 150 148 
4 166 165 147 155 159 
5 182 186 167 18 7 179 
6 190 198 
169 165 
177 16 7 178 
149 153 163 7 
8 180 174 166 162 168 
0 9  174 179 1 7 1  171 174 
184 177 169 177 173 10 
234 190 174 206 185 11 
19 7 179 
176 185 
166 164 192 
163 203 166 
12 
13 
19 5 199 176 176 167 14 
193 193 173 168 152 
19 7 190 175 2 01. 166 
15 
16 
160 173 156 161 163 
19 0 197 172 174 165 
18 5 192 170 172 176 
18 6 198 1 7 1  210 169 
17 
18 
19 
20 
18 1 238 
193 195 
167 188 156 
170 19 6 158 
2 1  
22 
0 
27. 
TABLE I11 -- COWTINUED 
CELL 
W B E R  
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
CYCLE #l CYCLE c2 CYCLE #3 CYCLE 84 CYCLE #5 
Minutes t o  1.0 V 
2 08 193 177 18 6 180 
18 6 207 173 173 177 
196 18 2 167 165 177 
196 189 171 175 161 
172 18 5 162 161 168 
173 173 163 197 177 
199 192 173 174 169 
18 4 18 1 166 161 152 
183 179 172 154 153 
177 171 163 159 180 
128 161 150 155 148 
128 182 164 163 154 
19 5 192 169 172 177 
188 191 173 190 157 
28. 
IMPURITY 
Aluminum 
Barium 
Calcium 
Cobalt 
Copper 
Iron 
Magnesium 
Manganese 
Mo 1 ybdenm 
S il icon 
Titaniun 
Vanadiun 
QUANTATIVE ANALYSIS VIA SPECTROGRAPH OF 
M-2 GRAPHITE FLAKE 
RELATIVE AMOUNT 
0.5 % 
0.002% 
0.02 % 
0.001% 
0.002% 
0.5 % 
0.02 7. 
0.01 2 
0.002% 
1% - 10% 
0.0057. 
0.0057. 
FIG. 1 
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UNSTABLE NICKEL OXIDE EXPERIMENTAL SETUP 
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